Abstract. Scientific institutes contribute to increase scientific awareness in local communities. They also provide students and teachers with learning opportunities outside the classroom. This is especially true when science centers create opportunities to visit laboratories or design activities based on learning by doing. LaMMA, a public consortium set up by Italian National Research Council and Tuscany Region (Italy), is the official weather service for Tuscany. In recent years LaMMA developed several educational modules on meteorology for different school grades. Activities are performed during a two-hour visit at the LaMMA laboratory. Since 2011 every year more than 1200 students come to visit LaMMA to follow one of the proposed modules on meteorology. Students are engaged in different activities and have the opportunity to visit the LaMMA weather operations room and meet the forecasters. In the last two years, an educational module on climate change based on a participatory approach was proposed to teachers of all school levels. More than 500 teachers and environmental educators from all over Tuscany participated and many of them developed a follow up project in the classroom.
Introduction
Following the modern Science-Technology-Society's (STS) approach, science education should not only transmit to students fundamental science knowledge but it should also prepare citizens to take informed decisions within society (Mansour, 2009 ). Research institutions can play a role in making science and society closer by also providing students with new learning opportunities outside the classroom. Many different organizations like universities, research centers, government laboratories and informal science institutions such as museums, are active in engaging the public in science. As a result, scientists are increasingly asked to participate in public outreach activities by their funding agencies and by society as a whole (Andrews et al., 2005) . One of the most common outreach model is "scientist in the classroom" where experts are invited as guest speakers into the classroom. It is a way to bring the expertise of practicing professional scientists to stimulate students' learning, interest in science, and, furthermore, to invite young students to consider scientific careers (Laursen et al., 2007) . Research institutions can be important informal settings for learning science, especially given the growing urgency of the need for scientific literacy for all (National Research Council, 2006 , 2009 Shouse et al., 2007) . Public outreach initiatives at research laboratories contribute to increase science awareness of local communities and also represent a great opportunity for schools' visits to increase knowledge about scientific (Mintz, 2005) . Research laboratories may in fact play an important role in the overall educational system, providing students and teachers with new opportunities to achieve some of the learning objectives of a class curriculum. Visiting a science laboratory offers a "rich learning environment" that can inform classroom practice (Dusenbery et al., 2008) .
Meteorology is one of the topics of the science curriculum in elementary and secondary schools. But it is also a common science topic for everyone watching weather forecasts on TV, on the Internet or just opening the weather apps on smartphones. To increase the understanding of weather phenom-ena, climate variability, forecast principles, and uncertainty it is important to make people aware of the scientific limits of weather predictability. There are plenty of educational and outreach activities created by weather services and research institutions to engage the public (Pandya et al., 2011 (Pandya et al., , 2009 , inside and outside the classroom (Finarelli, 1998) . Some of these initiatives are also conceived as a way to increase community resilience to extreme weather events (Nutter et al., 2010) . In this work we present the educational activities proposed by the LaMMA consortium, home of the Tuscany's weather service, to engage students and teachers and raise awareness on meteorology, weather forecasting and related atmospheric sciences.
LaMMA activities
The LaMMA Consortium (www.lamma.rete.toscana.it), is a public consortium set up by Italian National Research Council (hereafter CNR) and the Tuscany Region. It develops products and services on environmental monitoring. LaMMA is also in charge of the weather forecasting service for Tuscany. Among public outreach activities, the LaMMA Consortium provides environmental education and scientific information activities for primary and secondary schools in Tuscany, both in the form of specific projects and organized visits to laboratories. Several activities are organized to raise awareness about meteorology, climatology, biometeorology, energy saving and environmental sustainability. Activities include open days, participation at science fairs, local events organized by scientific and institutional partners, or schools' visits organized at our laboratories. LaMMA developed several educational modules on meteorology and climatology directed to different grade levels. All modules are based at the LaMMA Consortium and also include a visit to the weather operations room. Furthermore, in the last two years LaMMA took part in a training project promoted by Tuscany Region to improve teaching skills and scientific knowledge of school teachers and environmental educators. The following subsections illustrate the educational modules developed by LaMMA and proposed to students and teachers. Last section presents the results of a survey questionnaire for training evaluation.
Meteorology modules for schools
As part of public outreach, LaMMA developed several educational modules for schools of different grade levels. Many schools in Tuscany have been interested in visiting LaMMA laboratories to raise students' awareness on meteorology and atmospheric sciences. These modules are organized at the LaMMA centre as a two-hour lesson. Participating students have the chance to increase their knowledge about weather forecasting, meet researchers and visit the weather operations room. The main proposed modules are the following.
A basic module is proposed to elementary schools. During the first part of this lesson, a researcher gives a presentation on main meteorological concepts and illustrates key steps of weather forecasting. Later, students visit the weather operations room and see a functioning weather station. To students of elementary and middle school is also proposed the module What's up there. In this lesson basic concepts of meteorology are explained through simple experiments performed by two researchers. For the experiments selection, preferences were given to simple and illustrative activities which could be created with household objects and waste materials easy to find. During the experiments, the students are invited to make hypotheses to explain them. Afterwards, students visit the weather operations room and see a functioning weather station. A more participative module is Who wants to be a forecaster, proposed to students aged 11 and older. In the first part of the lesson, a meteorologist gives a presentation of the key steps and technologies used by forecasters. Later, students work in small groups to create their own video of a weather forecast. Part of the exercise is also the creation of an appropriate format for the forecast, whether it is a regional service or a school weather channel or whatever they choose. The edited video are then published on LaMMA website and shared on social media. Recently, a more elaborate module for high school students has been created, Atmosphere, what a Chaos. At first, a researcher gives a presentation about Chaos theory, the unpredictable nature of complex systems like the atmosphere, thus explaining the intrinsic uncertainty in weather forecasting. Afterwards, students are involved in a role-playing game, based on a cost/loss decision model, where they make decisions on the basis of a weather risk.
These activities were designed and proposed gradually. Some years ago LaMMA meteorologists were often invited as "experts" in classrooms to give talks about meteorology and weather forecasting. As the number of requests increased, a more structured educational proposal was organized at LaMMA headquarter. LaMMA visits were designed as an opportunity for schools to have an external learning experience and improve students understanding on meteorology.
The first modules to be created were "Basic weather lesson" and "Who wants to be a weather forecaster?". Next, following students' feedbacks, the module with experiments was introduced. The researchers' presentations on meteorology were sometimes evaluated as "boring" by students who were asking for more interactive lessons. The experiments module allowed for an increase in students engagement in the learning process also thanks to teaching techniques like the Inquiry Based Learning (Gibbs, 1988; Prince and Felder, 2006) . The most recent module, "Atmosphere, what a chaos" was proposed to answer to the many requests of high school teachers for lessons with more references to physics and mathematics. In all modules, role playing and interactive activities were introduced to increase engagement and to emphasize the idea that science can also be fun. Fun and en-V. Grasso et al.: Engaging students and teachers in meteorology and atmospheric sciences: the LaMMA activities 111 gagement are in fact reported in the open comments left by students within the evaluation. At the question "What did you like the most", many students attending the experiments module answered "the experiments". The video making was also reported in free comments as a very funny and appreciated activity. Furthermore, as highlighted by some quotes reported hereby, visiting LaMMA gave students the chance to better understand the science behind weather forecast. Student 1: "It was a great idea to make the experiments and let us try to answer the questions to make us think." Students 2: "For me it was a learning experience and I think that helped me to understand the great work behind the weather forecast." Student 3: "The tour was nice and helped me to realize that being a weatherman is not as easy as it may seem."
Teachers training
The training course for teachers is structured both into classical lectures on Climate Change and other didactic topics as well as working groups based on several participatory approaches (OST-Open Space Technology Owen, 2008; brainstorming, Osborn, 1963; World Café, Brown, 2002 ; role playing, Chesler and Fox, 1966, Capranico, 1997; storytelling, McDrury and Alterio, 2002, Flanagan, 2015 ; and concept mapping, Novak, 1990) . They are aimed at the construction of competence units by teachers of different subjects. After the training, teachers are invited to create their class units in order to increase specific and cross competences of students, to enrich knowledge on Climate Change and its impacts at local level, and to develop sustainable behaviors and best practices. Since 2014 the two courses have been attended by 750 teachers and about 1150 competence units were planned, involving more than 1600 classes (with students from 3 to 18 years old). An important added value of the educational path planning was the opportunity to exchange and compare working experiences. For this reason, LaMMA developed a web platform (http://www.lamma-cres. rete.toscana.it/school/) for creating and consulting the competence units. The platform was also used to upload the final documents describing the conceptual development of the educational paths, the methodological approaches adopted and the products of the students activities (including audio and video). These final documents were also uploaded on the SlideShare's LaMMA web page, with the idea to extend experiences outside of Tuscany. Web analytics for 2016 revealed surprising facts: the 188 documents uploaded received 260 downloads and more than 40 000 views, not only from Italy (6650 views), but also from other countries, especially from USA (27 800 views), Canada (about 1000 views) and Russia (900 views).
Evaluation survey
Since 2012 an evaluation questionnaire has been set up by LaMMA staff to assess the outcomes of the educational ac- tivities. The evaluation is aimed to measure the level of satisfaction among students visiting the LaMMA labs. It is composed of a short questionnaire which is delivered to students at the end of the visit. Students fill it out once back to school and return it to LaMMA. The survey is anonymous for students who only need to mark school name and class. The questionnaire is structured with six closed-ended questions and three open-ended. For the closed-ended questions, a Likert scale on a response scale 1-to-5 is used to rate each item, where (1) stands for a "very poor" rating, and (5) stands for "very good". The evaluation covers six items: the whole visit experience, the level of engagement, the perceived increase in students knowledge, the increase in interest about meteorology, the clarity of the presentation, and a overall judgment about facilities at LaMMA. The Last three questions are structured as free answers about what they liked the most, what should be improved, and a free comment. Here we present the data about the evaluation of the education activities ran in 2015-2016, which involved around 50 classes from October 2015 to June 2016. Out of 1000 questionnaires delivered, 351 were returned and were analyzed. The vast majority of survey respondents, 303, took part in the module "Who wants to be a forecaster" (video hereby), and only 48 in the module "What's up there" (experiments, hereby). Concerning school level, 60 students were form elementary schools, 152 from middle schools and 139 from high Schools. Results of the closed-ended questions are presented.
Generally, the educational modules proposed by LaMMA are very well rated by students, as shown by Fig. 1 . All items reached an average evaluation (calculated as median value) of 4 on a 5 point Likert scale. It corresponds to a "good" judgment about engagement, clarity of exposition, increase in interest about meteorology, and increase in knowledge. LaMMA's facilities obtained a (4.5) evaluation.
Looking more in depth to some items, we may see that the increase in interest in meteorology is more consistent in elementary school students. The column-graph in Fig. 2 shows that 25 % of elementary school students rate as "very good" (5) the growing interest in meteorology as outcome of the visit, while only 9 and 7 % of middle and high school students express the same evaluation. In contrast, almost 20 % of high school students affirm a "poor" (2) increase in interest in this topic. We also confronted how the different educational modules influenced student evaluation on the increase in interest in meteorology. The column-graph in Fig. 3 shows that students attending experimental module gave a highest rate on Likert scale, with almost 30 % of students choosing "very good" (5) for increase in interest, compared to only 8 % of the video module.
Another point investigated is whether students perceived to have learned new things during the visit. As shown in Fig. 1 , the median score gained by this item is 4 out of 5 points. Looking at differences among participants of the two modules, Fig. 4 , we see how the highest rating (5) was proposed by 38 % of students taking part in experiments module, compared to 18 % of those attending video module. To better understand these results, we have to remember that participants to experiments module are all young elementary school students with less knowledge on the subject, compared to middle and high school ones. These younger students were more curious and attentive during the visit.
Students considered the visit engaging and challenging. As shown in Fig. 5 , no great difference emerges between the two modules. A slightly higher percentage of students taking part at the experiment module choose the highest rating "very good" (5) compared to those attending the video, whose preferences go to "good" (4) rating.
Conclusions
As part of its outreach activities, LaMMA consortium has been offering since 2011 a set of educational modules in meteorology and climate change. In the last years, hundreds of teachers and students took part in the proposed modules, with many of them visiting LaMMA, meeting researchers and increasing their knowledge about meteorology and intrinsic uncertainty of weather forecasts (Zabini, 2016; Zabini et al., 2015) . As the evaluation attests, the LaMMA educational modules are appreciated by students who find them engaging and challenging. This positive judgment is also confirmed in previous years' evaluations (Grasso et al., 2013) . From LaMMA's perspective, public outreach and educational activities were, and today still are, a great chance to grow and strengthen LaMMA visibility, spread its scientific mission, and increase trust in its services (Grasso et al., 2014) . However, these activities encounter some barriers inside and outside research institutes like LaMMA Consortium: time constraints, due to scientists having other priorities that are perceived as more important; the poor value recognized to outreach activities by the internal evaluation procedures of research institutions and a consequent lack of recognition in tenure process or scientific career; and lastly, outreach activities very often does not have funds to rely on, so they end up to be perceived as a cost more than an earning within research organizations.
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